What was the utilization, effectiveness and perinatal outcome of assisted reproductive technologies (ART) performed in Latin America during 2016.
INTRODUCTION
This is the 28 th report of the Latin American Registry of Assisted Reproduction (RLA) established in 1990 as the first multinational and regional registry of assisted reproductive techniques (ART). Previous reports, from 1990 to 1998, are available as printed copies; from 1999 to 2009 as PDF files, which can be downloaded (www.redlara.com).
Since 2012, reports are published simultaneously in Reproductive BioMedicine Online and in JBRA Assisted Reproduction, the official journal of the Latin American Network of Assisted Reproduction (REDLARA). This report presents information on utilization/availability, effectiveness, safety and perinatal outcomes of ART treatment initiated between 1 January and 31 December 2016, and babies born up to September 2017.
MATERIALS AND METHODS
Data on ART were collected from 178 centers in 15 countries in Latin America ( Supplementary Table 1 ), covering fresh autologous cycles of IVF and intracytoplasmic sperm injection (ICSI); frozen autologous embryo transfer (FET); oocyte donation (OD) including the transfer of both fresh and frozen/thawed embryos; fertility preservation (FP); and vitrified/warmed oocyte cycles (OTHER), both autologous and heterologous.
This report includes treatments started between 1 January 2016 and 31 December 2016. Data on pregnancy and neonatal outcomes are obtained from follow-up of cohorts treated during this period.
As part of the accreditation program, all participating institutions agree to have their data registered and published by the RLA. Therefore, no other consent form was requested for the scientific disclosure of these data.
The method of collecting data in 2016 resembles previous years (Zegers-Hochschild et al., 2018; , making results comparable. Definitions used refer to the latest publication of the International glossary on Infertility and Fertility Care (Zegers-Hochschild et al., 2017) . When calculating clinical pregnancy or delivery rates per oocyte pick-up, cases of total embryo freezing were not included in the calculation.
Cumulative live birth rate was calculated, as described by Maheshwari et al. (2015) from cycles taken place between 2012 and 2016. We considered the first delivery after transfer of either fresh or frozen/thawed embryos obtained after a reference oocyte pick up. Each patient was identified by a personal identification number and date of birth. The identification number is not yet universal in Latin America, so not all patients could be followed and it is also possible that cross border reproductive treatments could partially influence results, but the numbers should be small. Furthermore, it was not possible to follow up individual patients in all reporting institutions; only those in which a consistent ID number was used throughout the study period (2012 and 2016) .
In order to test for the effect of age, number of embryos transferred and state of embryo development at transfer on the delivery rate per embryo transfer, logistic regression analysis was performed in both fresh and OD cycles. When appropriate, a chi-squared test was used to analyze independence of categorical variables. A p-value less than 0.05 was considered statistically significant.
sons for no embryo transfer were: 12,730 cases of total embryo freezing, 2,265 cases of abnormal in-vitro embryo development, and 1,327 cases of total fertilization failure corresponding to 3.1% of inseminations. In addition, there were 1069 cases of no oocytes retrieved, 622 cases of no mature oocytes retrieved, 857 cases where only abnormal embryos were obtained after PGT, 470 cases where the reason for no embryo transfer included abnormal oocyte after PGT and other conditions of unknown origin.
Utilization of ART is still very low in Latin America. In 2016, reached 136 initiated cycles per million people living in the 15 countries reporting to RLA, with great variations between countries. Reporting ranged from 12 and 21 cycles per million in Guatemala and Nicaragua respectively, to 474 and 284 cycles per million in Argentina and Uruguay. It is important to mention that not all centers performing ART report to the RLA. It is estimated that overall, 70% of centers report, including the majority of institutions performing ≥1000 cycles per year. Therefore, the coverage in number of initiated cycles is estimated to be in the order of 80% globally. Argentina is the country with highest utilization and the first in Latin America, followed by Uruguay, to have a law providing universal care to infertility treatments.
Age distribution
The mean age of women undergoing fresh autologous IVF/ICSI was 36.9 years (SD 4.5). The highest proportion of cycles was performed in women aged 35 to 39 years (40.9%), followed by (31.1%) of women aged ≥40 years. Therefore, 72.0% of women using autologous ART were ≥35 years. The mean age of women undergoing OD was 41.6 (SD 5.0); and the majority of cycles (56.5%) were performed in women aged ≥42 years.
Outcome of pregnancies and deliveries
In the present year, 23,894 clinical pregnancies were reported, of which 1,725 (7%) were lost to follow-up. Thus, the analysis of outcome variables should not be affected by these losses. Table 2 shows the clinical pregnancy rate (CPR) and delivery rate (DR) per oocyte pick-up (OPU) in fresh autologous IVF/ICSI cycles. Considering that the FP, fertility preservation; Fresh, initiated IVF/ICSI cycles; FET, frozen autologous embryo transfer; OD, transfer of fresh or frozen embryos due to oocyte donation; Other includes frozen thawed oocytes own and donated. As expected, both CPR and DR per ET were much higher after the transfer of donated oocytes (OD) than in autologous reproduction, reaching 44.96% and 32.89%, respectively (Table 3) . Thus, outcome after OD is only marginally affected by the age of the recipient. (Figure1) .
The number and proportion of FET cycles have increased yearly since 1996; with an increment of 22.6% between 2015 and 2016, accompanied by a proportional drop in the mean number of embryos transferred reaching 1.9 in 2016. (Figure 2 ).
In FET cycles, the overall CPR and DR per transfer was 35.61% and 25.46%, respectively (Table 3 ). As seen in Tables 3 and 4 , the CPR in FET is significantly higher than in fresh transfers (35.6% and 33.1% respectively, P<0.0001); nonetheless, the DR per transfer did not differ in FET and fresh transfers (25.5% and 24.7% respectively).
Number of embryos transferred, deliveries and multiple births after fresh autologous IVF/ICSI according to the age of women
In women ≤34 years, there were 7,082 fresh transfers. The mean number of embryos transferred was 1.91 (range 1 to 5). In this age group, 19.7% were single embryo transfers (SET) and 8.2%, elective (eSET). Double embryo transfers (DET) corresponded to 69.9% of transfers and elective (eDET) was 33.5%. The transfer of three embryos (TET) and 4 or more, was performed in 10% and 0.4% of cases.
In women aged 35 to 39 years, the mean number of embryos transferred was 1.95 (range 1 to 5). In this age group, 22.4% were SET and 5.2% eSET. DET corresponded to 61.4% of transfers and eDET was 23.3%. The transfer of three embryos (TET) and 4 or more, were performed in 15.5% and 0.7% of cases.
In women ≥40 years of age, the mean number of embryos transferred was 1.95 (range 1 to 5). In this age group 27.7% were SET and 2.2% eSET, 52.8% DET and 11.9% eDET, and 16.1% TET; while the transfer of four or more embryos occurred in 3.4% of transfers. Figure 3 shows the delivery rate according to the age of female partner, after the transfer of 1, 2 and 3 embryos. As seen, irrespective of the age of the female partner, DR is significantly higher after the transfer of 2 over 1 embryo (OR 2.038 95% CI 1.865-2.227). However, the transfer of 3 embryos does not increase DR over the transfer of 2 embryos (OR 0.929 95% CI 0.842-1.025). Table 4 summarizes the overall number of embryos transferred and multiple births after fresh autologous IVF/ ICSI. The mean number of embryos transferred was 1.94 (range 1 to 5). There were 5,614 SET (22.96%), of which only 1,276 were eSET (5.22%). There were 15,057 DET (61.58%), of which 5,669 (23.02%) were eDET.
Overall, the CPR and DR per ET reached 33.08% and 24.67%, respectively. In cases of eSET, the DR per ET reached 29.39%, increasing to 35.95% in eDET. In terms of multiple births, of the 6,033 fresh autologous IVF/ICSI deliveries registered, 81.34% were singletons, 18.12% were twins, and 0.55% were triplets or more. Table 5 summarizes the number of embryo transfers and multiple births in OD (fresh and FET), where the mean number of embryos transferred reached 1.93 (range 1 to 5). There were 2,305 SET, which correspond to 22.0% of ET and 673 were eSET, representing 6.42% of all ET/OD. There were 6,648 DET, which correspond to 63.45% of ET, and 4,619 were eDET, representing 44.09% of all transfers in OD.
Number of embryos transferred, deliveries and multiple births after OD and FET
Overall, the CPR and DR per ET were 44.95% and 32.89%, respectively. Of the 3,446 deliveries registered, 75.79% were singletons, 23.48% were twins and 0.73% were triplets and higher. Furthermore, DR/ET was slightly affected by the age of the oocyte recipient (OR 0.98 95% CI 0.97-0.98) ( Figure 1) .
In FET cycles, Table 6 summarizes the number of embryos transferred, where the mean number of embryos transferred reached 1.79 (range 1 to 4). There were 6,082 SET, which correspond to 31.01% of ET. There were 11,628 DET, which correspond to 59.30% of ET. Overall, the CPR and DR per ET reached 35.61% and 25.46%, respectively. Of the 4,993 deliveries registered, 81.68% were singletons, 17.68% were twins, and 0.64% were triplets and higher.
Influence of stage of embryo development at transfer
Overall, 49.64% of ET were performed at the blastocyst stage. The proportion of blastocysts transfers in FET (67.64%) was double the proportion in fresh autologous IVF/ICSI (30.64%). In OD cycles (both fresh and frozen/ thawed embryo transfers), the proportion of blastocyst transfers reached 53.35%.
Blastocyst transfers were always associated with an increase in the DR/ET compared with cleavage-stage embryos, irrespective of whether fresh or frozen and the number of embryos transferred. In fresh autologous IVF/ICSI, the DR of 7,506 transfers of blastocysts was 31.16% compared with 21.77% after the transfer of 16,967 cleaving embryos (p < 0.0001). In OD, the DR/ ET was 40.61% in blastocyst transfers and 27.84% in cleaving embryo transfers (p < 0.0001). In FET, the proportion was 40.51% and 28.74% respectively, (p < 0.0001). Table 7 summarizes perinatal mortality. Data was available from 15,070 births and 18,182 babies born. The perinatal mortality increased from 8.2‰ births in 12,055 singletons, to 19.31‰ in 5,838 twins and 63.2‰ in 289 triplets and higher. Gestational age at delivery was reported in 13,251 deliveries (87.9% of all deliveries). The mean gestational age at delivery was 37.7 (SD 2.2) weeks in singletons, 35.1 (SD 2.8) weeks in twins, and 32.3 (SD 3.8) weeks in triplets and higher. The overall risk of preterm birth (gestational weeks 22-36) increased from 17.11% in singletons, to 65.69% in twins, and 95.51% in triplets and higher. Furthermore, the risk of very preterm birth (gestational weeks 22-27) increased from 0.83% in singleton to 2.48% in twins and to 5.62% in triplets and higher. Table 8 shows the weight of babies born after fresh, frozen/thawed and fresh OD treatments, according to the order of gestation. As expected, the weight of singletons born after FET (3,160±547) is significantly higher than babies born after fresh transfer (3,055±550; p<0.00001). A similar situation occurs after twin births.
Perinatal outcome and complications
Maternal complications are not presented due to lack of confidence in the completeness of data collected by RLA.
Total embryo freezing 12,730 cycles of total embryo freezing were reported, 44.6% more than in 2015. On average 4.1 embryos (SD 3.2) were cryopreserved. Overall, 5,041 cycles of FET were performed, generating 1,579 deliveries and the DR/ET of 31.3%: This is higher than a mean of 25.46% of DR/ET in FET cycles that follow fresh cycles (p<0.00001). A second FET attempt was reported in 994 cases from the same cohort, with 262 subsequent deliveries, the DR/ET in this attempt was 26.35%. Therefore, adding all transfers from this subset of total embryo freezing, the DR/ET adds to 30.5%.
Preimplantation genetic testing (PGT)
The RLA registers PGT-M and PGT-A together. 122 centers reported these procedures in 3,775 fresh cycles (8.6% of OPU); 1,124 (4.6% of transfers) using frozen-thawed embryos and 248 (2.8% of transfers) in OD. The mean age of women undergoing PGT was 38.5 (SD 4.0) among fresh cycles and 37.9 (SD 4.5) in FET.
In the case of fresh cycles, the mean number of embryos biopsied was 3.1 (SD 2.2), and the mean number of normal embryos was 1.1 (SD 1.4). In FET cycles, the mean number of embryos biopsied was 3.4 (SD 2.5), and the mean number of normal embryos was 1.8 (SD 1.3). In OD, the mean number of embryos biopsied was 4.8 (SD 2.7), and the mean number of normal embryos was 2.6 (SD 1.9). The DR/ET was 22.13% in fresh IVF/ICSI, 36.83% in FET and 34.45% in OD.
Miscarriage
Miscarriage rate in 8,092 pregnancies resulting from autologous fresh embryo transfer and 6,982 pregnancies of FET were 17.4% and 17.9%, respectively. As expected, miscarriage rate in a total of 4,710 OD was lower both in fresh transfers (15.9%) and in frozen/thawed OD (16.1%). Furthermore, in 672 cases of OD using FTO, miscarriage rate was the lowest of all, 12.5% The miscarriage rate using PGT reached 13.4% in pregnancies after FET and 12.5% in OD.
Fertility preservation (FP)
A total of 4,365 initiated cycles for FP were reported in 2016. The mean age of women was 36.2 (SD 5.5) years. No oocytes were available for freezing in 191 follicular aspirations (4.4%). The mean number of oocytes cryopreserved was 7.4 (SD 6.5). In cases where the indication for FP was recorded, the majority were related to the desire to postpone pregnancy, 2,660 cases representing 63.7%; while cancer-related factors were reported in 377 cases (9.0%); risk of premature ovarian insufficiency in 175 (4.2%) cases and other reasons in 962 cases (23.0%).
Cumulative delivery rate (CDR)
We were able to follow up the outcome of fresh embryo transfers and their consecutive FET in 48,214 patients between 2012 and 2016. This cohort included only women having surplus frozen embryos resulting from their fresh transfer. Taking all patients together, the DR/OPU increased from 36.6% to 42.0% (RR 1.15; 95%CI 1.13-1.17; p<0.0001). The cumulative DR per OPU stratified by the age of female at the time of OPU is shown in Figure 4 . The increment in DR when adding FET over fresh transfers was inversely correlated to the age of the female partner. The OR for delivery was 1.3 in women <35 years (95% CI 1.2 to 1.3), 1.2 in women 35 to 39 (95% CI 1.2 to 1.3) and 1.1 in women >39 (95% CI 1.1 to 1.3).
DISCUSSION
The present report is the 28 th consecutive annual RLA report on ART procedures performed in Latin America. In spite of the fact that no more than 70% of centers available in the region are actually reporting to the registry, it is estimated that nearly 80% of the cycles performed in the region are included in this report. An exemplifying case is Argentina, the second largest contributor representing 25% of cycles reported to RLA. The proportion of centers that Argentina is reporting to RLA represent only 46% of existing centers in the country; however, RLA collects data from 20,793 cycles out of a total of 23,660 performed in the country. Therefore, 87.9% of cycles performed in Argentina are reported by RLA. This situation is similar in several countries including Peru, Chile among others.
Overall, the number of reported initiated cycles increased by 14% with respect to the previous year (Zegers-Hochschild et al., 2017) . The rise in the number of initiated cycles, results in part by the contribution of new centers and also by an increase of 41.2% in the number of cycles with total embryo freezing as well as a rise of 22.6% in FET cycles, which in part is associated with a rise in the proportion of SET and DET.
In spite of this global rise in ART cycles, utilization in Latin America (136 initiated cycles/million population) remains very much under the threshold of 1,500 cycles per annum per million inhabitants proposed by the ESHRE Capri Group, in order to fulfil the needs of a population (ESH-RE Capri Workshop Group, 2001) .
In the vast majority of countries, ART is provided by private institutions but health insurances do not cover infertility treatments. Therefore, only a small proportion of infertile couples can afford out of pocket funding; but there are exceptions. Argentina was the first country that in 2013 legislated in favor of universal access to infertility treatment including ART. Correspondingly, it is the country with the highest utilization rate, reporting 474 cycles/ million populations, and this is increasing every year. This reproductive rights initiative was then followed by Uruguay, which has the second highest utilization rate with almost 300 cycles per million populations. This relationship confirms the importance of financial affordability in the utilization of ART. In countries with strong economic inequalities, the number of couples who can afford treatment are few. Public policies providing partial or complete financial support to couples requiring ART are needed in order to increase utilization and decrease the burden generated by infertility per se, as well as the burden which results from lack of access in a society with profound inequalities.
The reporting of efficacy of ART can be presented in different ways. Because the number of freeze-all cycles has increased, the calculation of outcome (pregnancy or livebirth) per OPU need to exclude freeze-all cycles. The overall DR per OPU for fresh non-donor cycles in IVF and ICSI was 21.85% and 20.31%, respectively ( Table 2 ). The delivery rate per transfer is higher in FET than fresh cycles and this difference is especially evident in SET where the DR/ET after FET was 20.98% compared with only 15.35% after fresh SET. A plausible explanation would be the higher proportion of blastocyst transfer in FET cycles, 67.4% of transfers, compared with 30.64% in fresh transfers. We have simultaneously shown that in autologous IVF as in OD, the CPR and DR is significantly higher when blastocysts are transferred compared with the transfer of cleaving embryos. This better outcome after FET is also seen in cases of total embryo freezing. As in our previous report, the CPR and DR per ET are even higher in cases of total embryo freezing than in frozen transfers after a failed fresh transfer. Of course, FET after fresh transfer can entitle a negative selection of embryos and a negative selection of the population, since those women were not pregnant in their first event; while in total embryo freezing, women were not previously exposed to pregnancy with that particular cohort of oocytes/embryos. Preimplantation genetic testing (PGT) is also increasing in Latin America. It is now reported in 122 out of 178 institutions. When comparing outcome of pregnancies, miscarriage rate in 15,074 pregnancies after fresh and frozen/thawed autologous cycles was 17.7% compared with 12.3% in 512 pregnancies where PGT was performed. Although the numbers are still relatively low, more and more, women and men in Latin America are seeking for assurance of delivering "normal" offspring, even in cases of OD (2.8% of PGT performed in OD cycles).
Latin America has much place to improve. Starting with increasing access to treatment, which shall not only decrease the burden of disease, but also bridge the abysm between the rich and the poor who suffer from infertility.
Given the positive relationship between an increased success rates in FET cycles over fresh and in blastocyst transfers over cleaving embryos transfers, clinicians need to improve patient selection and their preparation for IVF, eliminate comorbidity whenever possible and incorporate adequate stimulation protocols in order to provide good quality gametes. On the other hand, embryologists need to generate appropriate long-term culture conditions and optimize in vitro embryo handling in order to allow more patients to reach blastocysts compatible with SET. Only then, we will avoid the transfer of three embryos and will keep moving towards a success rate based on cumulative live births rather than pregnancy at the first attempt. This concept is further demonstrated by the lack of improvement in birth rates after the transfer of 3 over 2 embryos (Fig. 3) and most of all, the significantly higher cumulative delivery rates when frozen transfers follow fresh transfers in women up to the age of 40, beyond which, results have less clinical significance.
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